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ABSTRACT 

The room temperature fracture behavior of the Ge Rene N-4, CMSX-2, and CMSX-4C 
single crystal Ni-based superalloys was studied. All crystals were grown along the [001} direction 
and tensile tested in both helium and hydrogen atmospheres. A stereoscopic technique developed 
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Single crystal superalloys are being investigated for use as turbine blades in 
hydrogen fueled advanced jet or rocket engines. For this purpose they must possess 
favorable high temperature properties, such as creep resistance, thermal fatigue resistance, 
and oxidation resistance, t 1 ! Mechanical properties, at both high and low temperatures, 
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microscopy was used to study the microstructure and determine orientations in the four 
different superalloys all grown along the [001] direction. 



LITERATURE REVIEW 




interface is an effective barrier to dislocation motion. While the presence of y/y' eutectic did not 



ordered y' precipitates. Because of this order, nickel and aluminum atoms occupy specific sites 
within the crystal. When a half plane is shifted by dislocation movement, the sites that were 
occupied by an atom of one type are now occupied by the other type atom. This arrangement 
causes an increase in the energy of the system and makes dislocation movement difficult. A 


second dislocation would restore the crystals order and would allow the two to move as a pair 
with a high energy antiphase boundary between them. The movement of a dislocation creates an 
antiphase boundary, so the energy required to create an antiphase boundary opposes the 
dislocation movement. A single dislocation can move relatively easily through the y phase, but 




Borowiecka et al. [6] state that while the existence of the hydride is a necessary, but not 
sufficient condition for hydrogen embrittlement, it is doubtful that hydride formation is 
responsible for embrittlement. This statement stemmed from hydride tests on HASTELLOY 
Alloy C-267 in which their most susceptible forms (cold worked and aged) of the alloy showed 
less damage than others (cold worked or annealed). Therefore hydride precipitation is not 



observed in CMSX-2 superalloys. D ] ] Within uncharged samples, fracture occurred primarily on 
(1 1 l)-type planes by ductile shearing of the matrix. 




conditions. Helium was considered to be a hydrogen free environment. Specimen compositions 
are given in table 1 . The deviation of each specimen from the exact [001] direction is given in 


Table 1 . Chemical compositions and specimen material. 



Mechanism), polished and electrolytically etched using chromatic acid and 5-6 volts for about 6 
seconds. After cross-sections showed the existence of a y/y' eutectic phase, a Microcomp Image 
































Analysis System was used to determine the volume fraction of this phase. For this volume 



the fracture surfaces of the specimens tested in helium and in hydrogen. Figures 1 , 3 and 5 are 
those tested in helium, while figures 2, 4 and 6 are the ones tested in hydrogen. The appearance 
of the fracture surface of the hydrogen charged samples differ greatly from those of the helium 
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Helium samples 

All crystals fractured in helium showed large cleavage planes at the notch. These 
cleavage planes became smaller and smaller as they moved towards the crystal axis. 

Planes greater than 5 pm were analyzed using the stereographic technique for quantitative 
analysis of cleavage plane orientation developed by Chen.P] The larger analyzable planes 



shiny areas perpendicular to the growth direction. These two crystals also had a feathery 
appearance as seen in figures 4 and 6. The feathery appearance begins at the notch and 
extends into the interior regions of the crystal. This differed greatly from Chen's^ work ii 
that none of his samples had the large feathery areas shown in figures 4 and 6. The 
feathery appearance was caused by an inter-network of (210)-type planes. The Ge Rene 




N-4 (BF 062) crystal had (lOO)-type cleavage planes starting at the notch and moving 
toward the crystal axis around the whole circumference. This region of (lOO)-type planes 
extended 1 .5-1 .8 mm from the notch, toward the crystal axis. The primary plane of 
cleavage in all three samples was the (lOO)-type, with some (1 1 1), (210) and (320) 
present. Figure 9 shows the morphology of (lOO)-type planes in the Ge Rene N-4 (BF 





ft fig 8 L063 morphology of plane A above 
fig 9 morphology of BF062 fractured in hydrogen ft 




the y' phase. The x-ray analysis and the microhardness tests also point to this irregular 
phase as being y/y' eutectic. 

While the purpose of this research is not to compare fractures of specimens 
containing y/y' eutectic with those not containing y/y' eutectic, it is clear from the 
literature[4,5,9] that this constituent will affect the fracture behavior of the material. 







do not, could possibly be explained by composition differences. However, it is also noted 
that these specimens were stress relieved at 850° C for 8 hours, while Walston M used a 
20 hour heat treatment at 1288° C to remove the y/y' eutectic from his PWA 1480 





dislocation buildup that occurs in the y matrix around the y\ This similarity is feasible 
because the y/y' eutectic is mostly y' and the eutectic should thus behave similarly to y\ 


fig 14 x-ray analysis of Ni-based single crystal superalloy U 
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The y/y' eutectic interface is thought to be an area of dislocation pile-up, leading to 
stresses and a possible initiation site for cracks, y/y' eutectic was found quite often 
intersecting the fracture surface of the GE Rene N-4 samples and the CMSX-4C 
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